Carbon and N parameters were compared for nondeveloped and developed soils (predominantly mixed mesic, Typic Ustipsamments, and sandy, mixed mesic Entic Haplustolls). Soil samples were collected from four developed center pivot irrigation sites and from the nondeveloped corners at depth increments of 0-to 75-, 75-to 150-, and 150-to 300-mm. Total C, total Kjeldahl N (TKN), hydrolyzable N, and mineralizable N by autoclave and by a 112-d incubation study were determined. Changes in TKN were not significant in the 0-to 75-mm depth, but in the second depth increment, TKN increased with development (507 to 569 kg ha ')• Total C also increased at this depth (5650 to 6400 kg ha-'). The C/N ratio increased with development in the surface 75 mm (11.5 to 12.2). Inorganic N increased in the top 300 mm due to development. Mineralizable N by both techniques increased in the 75-to 150-and 150-to 300-mm depth increments. Steady state values for In TKN were calculated to be 6.6, 6.4, and 6.8 kg ha~' for soil depth increments of 0-to 75-, 75-to 150-, and 150-to 300-mm, respectively. The In total C steady-state values were 9.1, 8.8, and 9.1 kg ha" 
1
. In some cases, undeveloped soil contained more N and C than these steady-state values, suggesting that development tended to decrease the soil test values. If the undeveloped soil was lower in N or C than the steadystate value, development tended to increase the test value. Total C, TKN, hydrolyzable N, mineralizable N (both techniques), and inorganic soil N were all highly correlated. Changes in TKN and total C were not correlated to landscape position or time since development.
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RRIGATION DEVELOPMENT in Nebraska's Sandhills in recent years has spawned concern for NOj contamination of the sometimes shallow groundwater and losses of soil organic matter. Soils of the Sandhills are typically sandy, characterized by low soil buffering capacity and are highly erosive. With development, the environmentally fragile terrain is often shaped to accommodate center-pivot systems, leaving dune sand on ridges and knolls exposed. Fertilizers and pesticides are difficult to manage because of textural variations. Corn residue is left on the fields in an attempt to control wind erosion. After a few years, lime may be required to offset the acidifying effects of N fertilizers.
Loss of organic matter in prairie soils due to cropping has been reported by numerous researchers (Campbell and Souster, 1982; Anderson and Peterson, 1973; Hobbs and Thompson, 1971) . Campbell and Souster (1982) found that organic C, total soil N and mineralizable N decreased with cropping and the C/ N ratio became narrower. (1971) and Smith and Young (1975) also reported situations in which total N increased with cropping if the virgin soil was very low in total N.
Nitrogen availability is of major concern in all cropping systems. The rate of N mineralization generally follows first order kinetics being dependent on quantity of substrate (Stanford and Smith, 1972) . In a field situation, however, N mineralization is regulated by temperature, moisture, aeration and soil management (Stanford and Smith, 1972; El-Haris et al., 1983; Stanford et al., 1975; Stanford and Epstein, 1974) . Comparison of N availability indexes have given insight into the chemical nature of soil organic N which will be available to the growing crop (Keeney and Bremner, 1966; Kresge and Merkle, 1957; Ryan et al., 1971; Lueking, 1983) .
Irrigation development in the Sandhills has occurred primarily in the past 15 yr, since the advent of center-pivot technology. Effects of this development have not been addressed. The objective of this research was to determine effects of irrigation development on total soil C and N, and N availability of the Sandhills soils.
MATERIALS AND METHODS
The study sites were located in Wheeler County, NE near the eastern edge of the Nebraska Sandhills region. Soils of this region occur in an intricate pattern on the landscape, making site selection and treatment comparison difficult. Textural extremes are exemplified by the Valentine and Dunday series. The excessively well drained Valentine fine sand (mixed mesic, Typic Ustipsamments) and the well drained Dunday loamy sand (sandy, mixed, mesic Entic Haplustolls) are both upland soils. As one approaches the numerous subirrigated meadows and depressional areas, drainage grades into somewhat poorly, poorly, and very poorly drained classes depending on depth to the water table. Landscape positions vary from sand dunes to inter-dunal valleys to depressions (Fig. 1) . Both Entisols and Mollisols occur at all landscape positions (Table 1) .
Four center pivots, managed by the cooperators, were selected for this study. Soil samples were collected in the fall of 1983 after harvest, from nonirrigated corners of the fields and from adjacent "developed" land. Soils were selected on the outside and inside of the pivot area that were similar in landscape position (slope and aspect). The number of pairs (nondeveloped and developed) of soil samples collected from each landscape position are indicated in Table 1 . Landscape positions 5 and 6 were not sampled as they rarely occur in the developed areas. Areas shaped for development or otherwise altered were avoided in sampling. Twelve subsamples were composited for each location in depth increments of 0-to 75-, 75-to 150-, and 150-to 300-mm. Sites A, B, C, and D were in the 15th, 5th, 10th, and 4th years of development, respectively, as of 1983. Developed land at site C was limed in 1983. About 220 to 280 kg N ha" 1 has been applied annually to developed land at all sites. Anhydrous NH 3 is used for preplant and sidedress N applications with 1/4 to 1/3 of the N applied through the pivot system as urea ammonium nitrate solution (UAN) in small increments during the growing season. About 35 kg P ha~' has been applied annually through the pivot. All sites have been chisel plowed or disked prior to planting each spring, incorporating the residue to a depth of about 100 mm.
Hydraulic conductivity was determined in the laboratory on saturated soil samples by constant head method, bulk density by core method (Blake, 1965), and particle size analysis by dry sieving (Day, 1965) . Bray and Kurtz no. 1 extractable P was determined colorimetrically and pH in a 1:1 soil/water ratio. Total Kjeldahl N (TKN) was determined by semimicro-Kjeldahl digestion (Bremner and Mulvaney, 1982) . Inorganic NH^ and NOj were extracted in 1 M KC1 (10 g in 100 mL). Ammonium in all soil extracts was determined by automated colorimetric indophenol blue technique and NOj colorimetrically by automated cadmium reduction (Keeney and Nelson, 1982) . Hydrolyzable soil N was determined by refluxing 10 g of soil and 25 mL of 6 M HC1 for 12 h, filtering and rinsing the residue, followed by semimicro-Kjeldahl digestion of an aliquot of the filtrate prior to NH| analysis.
Mineralizable N was determined by a modified incubation technique (Stanford and Smith, 1972) and also by autoclaving. For the incubation, 60 g of fresh soil were placed in the incubation tubes, but they were not mixed with sand because of the sandy texture of the soils. At weekly intervals for week 1 through 4 and at 2-week intervals from week 4 to 16, soils were leached with 100 mL of 0.02 MKCl Calcium chloride was not used because precipitates formed in the auto-analyzer which interfered with color development in the NH| and NOf analysis that followed. Soils were then leached with 25 mL of minus-N nutrient solution and incubated at 35°C. Suction during leaching was about 80 kPa resulting in about 60% water-filled pore space during incubation. For the autoclave technique, 10 g of air dried soil were placed in a stainless steel tube with 25 mL of 0.01 M CaCl 2 and autoclaved for 16 h at 121°C. Contents were transferred to semimicro-Kjeldahl distillation flasks, Devarda's alloy and MgO were added and the NH^ was distilled. The distillates were trapped in boric acid indicator solution and titrated with H 2 SO 4 to determine NHi". Inorganic soil N was subtracted from this value to obtain autoclave mineralizable N. Total soil C was determined in a high temperature induction furnace (LECO) (Nelson and Sommers, 1982) . Since the soils contained no free carbonates, total C values represent organic C.
Statistical analyses were performed on each soil depth increment and on average values (weighted by depth) for each observation.
RESULTS AND DISCUSSION
Soil Characteristics Soil physical properties were not altered by development. Bulk density and hydraulic conductivity values were high but typical of the sandy soils (Table 2 ). All soils had less than 4% silt and clay sized particles and were composed predominantly of medium and fine sand sized particles (Table 2) . Bray P values were higher in developed areas, a result of P fertilization (Table 2) . Soil pH decreased with development probably due to the acidifying effects of N fertilization (Table 2). Site C was limed in 1983 but pH values were still much lower in developed soils.
Total Kjeldahl N and Total Soil C Development caused an increase in TKN and total C in the 75-to 150-mm depth increment (Table 3) . This may be due to the increase in dry matter production in the developed situation compared to the native dryland range. It was estimated (unpublished data) that about 5300 kg ha" 1 of corn residue plus 1600 kg ha" 1 of root material (Watts and Hanks, 1978) were left in the fields annually, resulting in about 58 kg N ha" 1 and 4560 kg C ha" 1 being incorporated in developed areas. In the native grass condition, about 6000 kg ha"' of residue and root material was produced annually (Holt County, Nebraska Soil Survey; Russell, 1977) resulting in about 54 kg N ha" 1 and 4320 kg C ha" 1 (Morrison, 1956; Donahue et al., 1977) . These estimates indicated the potential for increasing N and C contents of the soils with development. In the surface increment (0-to 75-mm), increased oxi- •f Nondev = Nondeveloped; Dev = Developed. dation from soil disturbance and more favorable moisture conditions offsets the increase in organic matter due to residue incorporation. However, in the second depth increment, there was less soil disturbance so perhaps the conditions were less conducive for decomposition of the incorporated residue. There was no change in TKN or total C due to development in the 150-to 300-mm increment because crop residue was not incorporated into this layer by tillage. Regression of the percent change that occurred with development on In native TKN and total C levels, allowed development of steady-state values (Fig. 2) . Steady-state In TKN values were 6.6, 6.4, and 6.8 kg ha~' for soil depth increments of 0-to 75-, 75-to 150-, and 150-to 300-mm, respectively. Undeveloped soils with In TKN values higher than the steady-state values tended to decrease in TKN while soils with lower In TKN values usually increased in TKN with development. Regression equations predicted steady state In total C values of 9.1, 8.8, and 9.1 kg ha~' for soil depth increments of 0-to 75-, 75-to 150-, and 150-to 300-mm, respectively (Fig. 2) .
Slopes and intercepts of the regression equations for In TKN and In total C decreased with increasing soil depth indicating that changes due to development diminish with soil depth (Fig. 2) . The steady-state In TKN and total C values also followed this trend, keeping in mind that the third depth increment was 150 mm while the upper two soil depths were only 75 mm each.
Changes with development in TKN and total C were not correlated with time of development or landscape position.
C/N Ratio
The C/N ratio increased in the surface 75 mm of soil upon development (Table 3 ). This may indicate that incorporated crop residue is being mineralized in the surface 75 mm and the inorganic N leached into the lower depths (fertilizer N contribution is minor in comparison). If part of the inorganic N was leached in the NHJ form, this could partially account for the increase in TKN in the 75-to 150-mm depth. Although differences in TKN and total C were not significant in this soil layer, there was a trend for TKN to decrease and for total C to increase with development (Table 3) . These trends became more obvious when expressed as a C/N ratio.
N Availability Indexes
Hydrolyzable soil N was not affected by development (Table 3 ). Both incubation mineralizable N (N 0 ) and autoclave mineralizable N (NO in the 75-to 150-and 150-to 300-mm soil depths increased with de- velopment. Both TKN and total C in the 75-to 150-mm soil increment increased with development and with increased substrate, it was expected that mineralizable N would increase. The autoclave technique is a chemical extraction of NH^-N from a certain fraction of soil organic matter and is subject to much less variation than is the incubation mineralizable N technique which depends upon the maintenance of an active population of micro-organisms (Stanford and Smith, 1972) . The greater precision of the autoclave technique compared to the incubation technique is reflected in the levels of probability where differences were detected (Table 3) . Differences were detected for autoclave mineralizable N at the 0.10 and 0.05 levels of probability for the 75-to 150-and 150-to 300-mm depths, respectively, but differences were detectable only at the 0.20 level of probability for the incubation technique. Inorganic soil N (NHJ-N plus NOj-N) increased with development at all soil depths due to N fertilization and increased N mineralization (Table 3) . The potential for leaching losses was increased by the larger pool of inorganic soil N.
Relationship of Soil N Parameters
All N availability indexes, TKN, and inorganic soil N were significantly correlated with each other (Table  4) . Inorganic soil N showed the lowest correlation with other N variables. All other parameters estimate some fraction of the organic N present. Inorganic N expresses mineralized N left after plant uptake, leaching, and other losses had occurred. The two mineralizable N techniques were highly correlated (N 0 = 2.92 N, + 19.1 variable 2 vs. 1 in Table 4 ). Stanford and Smith (1976) found a similarly high correlation of these two techniques in a study of 275 soils. Their equation relating the two techniques was N 0 = 2.93 N, + 6.02 (r = 0.87).
Mineralizable N by both techniques, and hydrolyzable N can be expressed in terms of TKN, total C, and inorganic N ( Table 5 ). All three indexes measure some fraction of the total organic N pool and thus are functions of the total N present in that soil. Incubation mineralizable N was also a function of inorganic soil N. This may indicate that the amount of inorganic soil N was directly proportional to the population of organisms responsible for mineralization at the start of the incubation study because the inorganic soil N was leached from the soils prior to incubation and thus could no longer affect the subsequent mineralization. Mineralizable N determined by the autoclave technique was best predicted as a function of total soil C and inorganic N in addition to TKN. This being a chemical extraction, there can be no biological reason for C and inorganic N to affect the release of N from organic matter other than being correlated with TKN content.
Hydrolyzable N is a function only of TKN which was expected because it too is a chemical extraction.
CONCLUSION
While loss of soil organic matter is of concern in much of the Great Plains, it does not appear to be a major concern in the Sandhills of Nebraska. Irrigation development has increased the total N and total C in cases where these values were very low in the native condition. Where total N and C concentrations in soil were initially relatively high, irrigation development usually caused a small decrease in their concentrations.
